Introduction
Thyroid cancer is the most common malignant tumor in the endocrine system and among the neck tumors, whose incidence is increasing globally in recent years. In the USA, ~56,870 new cases were estimated in 2017. 1 The prognosis of most thyroid cancer patients is good, 2 especially in those with papillary thyroid carcinoma (PTC) which is the most common type of thyroid cancer and accounts for ~80% of all thyroid cancer cases. 3 However, PTC is highly metastatic and recurrent after routine treatment, and some patients of PTC have poor prognosis such as disease recurrence and even death. 4 Certain clinical and pathological characteristics such as advanced disease stages, extrathyroidal extension, and lymph node metastasis (LNM) have been associated with a poor prognosis of this disease. 5 LNM is a major factor for recurrence and mortality, [6] [7] [8] whose incidence ranges from 20% to 50% 9, 10 and which leads to recurrence and secondary surgery. [11] [12] [13] The occurrence and development of thyroid carcinoma are mainly affected by genomic variation, including activation of oncogene and silencing of tumor suppressor gene. It has been proved that BRAF mutation promotes the occurrence and development of thyroid carcinoma by abnormal activation of MAPK pathway, 14 and that the mutation of TERT promoter 15 and PIK 3CA gene 16 
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Zhou et al plays an important role. Although great progress has been made in gene research, the pathogenesis and many features of thyroid cancer are still unknown. Therefore, searching for new potential molecular markers and elucidating their molecular mechanisms in the development of thyroid cancer become necessary. Inositol phosphatase 1 (INPPL1), which is located on chromosome 11, encodes an SH2-containing 5′-inositol phosphatase (SHIP2), a member of the inositol 5-phosphatase family, which is involved in the regulation of insulin function. SHIP2 also plays a role in the regulation of EGFR turnover and actin remodeling. 17, 18 SHIP2 dephosphorylates 5-phosphate of phosphatidylinositol-3,4,5-trisphosphate and plays important roles in regulating the PI3K/ Akt pathway in physiology and disease. SHIP2 is widely expressed in human type II diabetes mellitus and multiple dysplasia, but its role in human cancer remains unclear. In recent years, it has been reported that SHIP2 has both tumorpromoting and antitumor functions in human tumors, which largely depend on the cell model. 19 In the glioblastoma cell line 1321 N1, which does not express PTEN, downregulation of SHIP2 expression promotes cell proliferation by reducing the expression of key regulatory proteins (such as p27) in cell cycle and is involved in the migration by controlling phosphatidylinositol 4,5-bisphosphate in the cell membrane. 19, 20 SHIP2 is frequently downregulated in gastric cancer, and its underexpression promotes the development and proliferation of gastric cancer by activating PI3K/AKT signal. 21 However, high expression of SHIP2 was found in breast cancer, hepatocellular carcinoma, non-small cell lung cancer, and colorectal cancer, which was associated with poor survival. [22] [23] [24] [25] [26] It can be seen that INPPL1 gene plays different roles in different tumors. The expression and role of INPPL1 gene in thyroid carcinoma have not been reported. It is important to study the expression and biological function of human INPPL1 gene in thyroid carcinoma to understand the occurrence and development of thyroid carcinoma.
As next generation sequence has developed, our previous study performed whole transcriptome sequencing of 19 pairs of primary thyroid cancer samples with matched adjacent normal thyroid tissues. 27 The present study found by application of bioinformatics that human INPPL1 expression is significantly downregulated in PTC tumors. Thus, we confirm this finding using quantitative real-time reverse transcription PCR (qRT-PCR) in 49 PTC samples. Also, we investigate the relationship between INPPL1 expression and the clinicopathologic characteristics in PTC using The Cancer Genome Atlas (TCGA) data and our data. Furthermore, the relationship between INPPL1 expression and LNM in PTC was assessed using logistic regression analysis. The role of INPPL1 gene in PTC has been discussed in this study.
Patients and methods

Patients and samples
Fresh paired samples including PTC tissues and noncancerous tissues from 49 PTC patients were collected. The samples after resection were immediately snap-frozen in liquid nitrogen and subsequently stored at -80°C before RNA extraction. Final histological diagnosis of all the samples was confirmed as PTC by two pathologists. The study was conducted with the approval of Ethics Committee of The First Affiliated Hospital of Wenzhou Medical University and the written informed consent was received from the patients.
rna extraction and qrT-Pcr
Total RNA was extracted from 49 paired samples using TRIzol reagent according to the manufacturer's protocol (Thermo Fisher Scientific), and the ReverTra Ace qPCR RT Kit (Toyobo) was used for cDNA. qRT-PCR was conducted by Thunderbird SYBR qPCR Mix (Toyobo) on the Roche 480 System (Hoffman-La Roche Ltd). Each sample was in triplicate. GAPDH was used as an internal control. The primer sequences for INPPL1 were as follows: INPPL1, 5′-AGCTGCCCACGCTCAAACCAA-3′ (forward) and 5′-AGGTCAGGAACTGTTGGGCCGT-3′ (reverse).
Tcga data
Thyroid cancer RNA-seq data and corresponding clinical information were downloaded from the TCGA database. INPPL1 expression data were available for 502 PTC cancer samples compared with 59 normal thyroid samples.
statistical analysis
The normally distributed data were expressed as mean±SD and were evaluated by Student's t-test. Categorical variables were expressed as percentage and evaluated by chi-squared test. Logistic regression analysis was conducted to estimate the ORs of certain factors. Variables with P,0.05 in the univariate analysis were used in a multivariate analysis. All P-values were two sided, and P-value ,0.05 was considered statistically significant with SPSS. GraphPad Prism Version 6.0 was used for the graphs.
Results
inPPl1 was underexpressed in PTc
Completing the whole transcriptome sequencing of 19 pairs of tumor and paracancerous normal tissues, we found that the expression of INPPL1 in PTC tumor tissues was significantly (Table 1) . In order to validate the data of whole transcriptome resequencing, we began to assess INPPL1 mRNA expression in 49 samples of PTC tissues and noncancerous samples by qRT-PCR. As shown in Figure 1 , INPPL1 mRNA expression was remarkably downregulated in tumors against that in the adjacent noncancerous tissues (P,0.001). The same trend was further validated in the TCGA cohort, which included 502 PTC samples and 59 normal thyroid tissues. Accordingly, INPPL1 mRNA expression was significantly lower in PTC tissues than that in normal tissues (P,0.001; Figure 2 ). These results revealed that INPPL1 gene may be a potential tumor suppressor gene in PTC patients. Figure 1 The mrna expression of inPPl1 in our local cohort (n=49). Note: INPPL1 expression was found to be significantly downregulated in PTC tissues compared with the adjacent noncancerous thyroid tissues on qrT-Pcr analysis (***P,0.001). Abbreviations: cT, cycle threshold; PTc, papillary thyroid carcinoma; qrT-Pcr, quantitative real-time reverse transcriptase Pcr. (Table 5) . Meanwhile, multivariate logistic regression analysis from our 
Discussion
PTC is the most common endocrine malignant tumor, and its incidence is increasing year by year. 1 Although the prognosis of most thyroid cancer patients is favorable, 2 some PTCs are characterized by capsular invasion and lymph node (the incidence being 20%-50% 9,10 ) and distant metastasis, which lead to the possibility of disease recurrence and secondary surgery. [11] [12] [13] PTCs show different biological behaviors during tumorigenesis due to genomic variations. It is insufficient to make individualized treatment strategies and assess the risk of each PTC patient based only on the current clinical and pathological parameters. Finding new molecular biomarkers to predict the clinical progress and metastasis of PTCs is urgent. So far, indicators to assess the status of LNM are still lacking.
High-throughput sequencing of variable gene variations has been widely used in the study of molecular mechanism of cancer. In our study, transcriptome sequencing was performed in 19 pairs of PTC tumors and adjacent normal tissues, and the results showed that the expression of INPPL1 in PTC tumor tissues was lower than that in adjacent normal thyroid tissues. This finding might suggest its possible role as a tumor suppressor in thyroid cancer.
INPPL1 encodes SHIP2, which is involved in the regulation of insulin function, EGFR turnover, and actin remodeling. 17, 18 INPPL1 may be a promising therapeutic target for not only type 2 diabetes, but also cancer, neurodegenerative diseases, and atherosclerosis. 28 Among cancers, high expression of INPPL1 was found in breast cancer, hepatocellular carcinoma, non-small cell lung cancer, and colorectal cancer, where it is associated with poor survival. [22] [23] [24] [25] [26] INPPL1 supports the metastatic growth in breast cancer and it is a valuable biomarker for breast cancer. By interacting with c-CBL, INPPL1 can prevent the conversion of EGFR and enhance the Akt activation induced by EGF, thus promoting the proliferation and metastasis of breast cancer cells. 22, 29 In ER-negative breast cancer stem cells, INPPL1 activates Akt and JNK and upregulates epithelial mesenchymal transition markers and vimentin. 30 INPPL1 expression contributes to the malignant potential of colorectal cancer by enhancing chemoresistance, cell migration, and cell invasion. 31 However, overexpression of INPPL1 in glioblastoma cells inhibits Akt activation and leads to cell cycle arrest and migration. 19, 20 INPPL1 is often downregulated in gastric cancer, and the decreased INPPL1 expression promotes the development and proliferation of gastric cancer by activating PI3K/AKT signal. 21 It can be seen that INPPL1 plays different roles in different tumors.
In this study, we first reported the underexpression of INPPL1 in PTC and it was associated with aggressive clinicopathologic characteristics, especially LNM. INPPL1 mRNA expression detected by qRT-PCR was remarkably downregulated in PTC tissues against that in noncancerous tissues. This result was consistent with our finding of whole transcriptome sequencing. TCGA cohort analysis also confirmed this finding, which is similar to the expression of INPPL1 in gastric cancer. 21 Clinicopathologic feature analysis in TCGA cohort showed that underexpression of NINPPL1 was remarkably related to aggressive clinicopathologic characteristics, 20 All these findings support INPPL1 as a tumor suppressor gene associated with PTC and further study must to be conducted.
Our study still contains certain limitations. First, the cellular molecular mechanisms of INPPL1 in the progression of PTC need to be further investigated. Furthermore, the relationship between INPPL1 and prognosis of PTC in large samples needs to be studied.
Conclusion
INPPL1 was generally underexpressed in PTC. Low INPPL1 expression indicates high risk of LNM in PTC. INPPL1 may be a potential tumor suppressor gene in PTC, and it is worth studying further.
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